The pathways responsible for flowering time in Arabidopsis thaliana comprise one of the best-characterized genetic networks in plants. We harness this extensive molecular genetic knowledge to identify potential flowering time quantitative trait genes (QTGs) through candidate gene association mapping using 51 flowering time loci. We genotyped common single nucleotide polymorphisms (SNPs) at these genes in 275 A. thaliana accessions that were also phenotyped for flowering time and rosette leaf number in long and short days. Using structured association techniques, we find that haplotypetagging SNPs in 27 flowering time genes show significant associations in various trait/environment combinations. After correction for multiple testing, between two and ten genes remain significantly associated with flowering time, with CO arguably possessing the most promising associations. We also genotyped a subset of these flowering time gene SNPs in an independent recombinant inbred line population derived from the intercrossing of 19 accessions. Approximately one-third of significant polymorphisms that were associated with flowering time in the accessions and genotyped in the outbred population were replicated in both mapping populations, including SNPs at the CO, FLC, VIN3, PHYD and GA1 loci, and coding region deletions at the FRI gene.
INTRODUCTION
A major ecological trait in Arabidopsis thaliana is the timing of the transition to flowering, which defines the shift from vegetative to reproductive development (KOORNNEEF et al. 2004, ENGELMANN and PURUGGANAN 2006) . Flowering time in A. thaliana is a complex trait that is responsive to multiple environmental cues, including photoperiod, vernalization, ambient temperature, and nutrient status (ENGELMANN and PURUGGANAN 2006) . The range of variation in flowering time can be large, with a significant amount of this diversity arising from heritable genetic variation (UNGERER et al. 2003 , VAN BERLOO and STAM 1999) .
Flowering time in this species has become a model for understanding complex trait genetics in plants, in part because of how extensively it has been characterized via forward genetic approaches (SIMPSON and DEAN 2002) . The flowering time genes represents one of the best studied functional genetic networks in plants, as geneticists have identified more than 60 genes that regulate flowering time (MOURADOV et al. 2002 , KOMEDA 2004 , BAURLE and DEAN 2006 [see Figure 1 and Supplementary Figure S1 ]. Understanding the evolutionary ecology of flowering time, however, requires us to determine not only the genes that control this trait, but also the specific genes that cause natural variation in flowering time.
Flowering time has thus been the subject of an intensive quantitative trait locus (QTL) mapping effort by the community of A. thaliana researchers, with numerous QTL mapping studies published in the last 15 years , UNGERER et al. 2003 , WEINIG et al. 2002 , WEINIG et al. 2003 , CLARKE et al. 1995 , JANSEN et al. 1995 , KUITTINEN et al. 1997 , STRATTON 1998 , EL-ASSAL et al. 2001 , MALOOF et al. 2001 , BANDARANAYAKE et al. 2004 , EL-LITHY et al. 2004 , JUENGER et al. 2005 , WERNER et al. 2005b . QTL mapping studies of flowering time have defined at least 28 loci that affect natural variation in flowering time among individual accessions of this species under different conditions. Molecular studies have conclusively shown that CRYPTOCHROME2 (CRY2) (EL-ASSAL et al. 2001) , FRIGIDA (FRI) (JOHANSON et al. 2000) , FLOWERING LOCUS C (FLC) (WERNER et al. 2005a) , FLM (WERNER et al. 2005b) , PHYTOCHROME A (PHYA) (MALOOF et al. 2001) , PHYB (FILIAULT et al. 2008) , PHYC (BALASUBRAMANIAN et al. 2006) , and PHYD (AUKERMAN et al. 1997 ) all harbor natural polymorphisms that alter flowering time. Nearly half of the functional variants at these genes are rare, with the frequency of the causal polymorphism at less than 10%, and some of these polymorphisms are accession-specific.
Despite the wealth of knowledge about the population and quantitative genetics of flowering time in A. thaliana, a substantial amount of natural variation in flowering time remains unexplained (WERNER et al. 2005) . In recent years, structured association mapping has emerged as a major tool in the search for genes that underlie quantitative trait variation (e.g. , including natural variation in flowering time in A. thaliana. Although genome-wide association studies have gained prominence in recent years (HIRSCHHORN and DALY 2005) , candidate gene association studies remain a key approach to gene mapping (TABOR et al. 2002) . Whereas genome-wide studies scan large numbers of markers across the entire genome, candidate gene studies specifically target genes with known functions in the trait of interest, with the expectation that doing so may enrich for the number of meaningful trait associations.
The candidate gene approach has proven successful in many instances, such as in the identification of genes for trait variation in wild and cultivated maize (WILSON et al. 2004 , WEBER et al. 2007 , WEBER et al. 2008 , pine (GONZALEZ-MARTINEZ et al. 2007) , and human diseases (VAISEE et al. 2000 , UEDA et al. 2003 . In model organisms, such as Arabidopsis thaliana, candidate gene studies are a potentially powerful approach, because many of the genetic pathways underlying ecologically significant traits have been dissected through forward genetic approaches, providing strong candidates for genes and pathways that might underlie natural trait variation (EHRENREICH et al. 2007 ).
The large number of known flowering time genes identified through molecular developmental genetics makes flowering time a particularly attractive trait for candidate gene association studies. There have been attempts to use candidate gene approaches to identify flowering time quantitative genes in A. thaliana (e.g. OLSEN et al. 2004 , CAICEDO et al. 2004 , but a comprehensive analysis using a large set of candidate loci has yet to be undertaken. Using candidate gene haplotype tagging SNPs (htSNPs), we conduct network-wide structured association mapping using 51 A. thaliana flowering time genes, and compare our candidate gene results to those from randomly selected background loci. We then re-test a subset of our significant associations in an independent panel of inbred lines derived from the intercrossing of 19 accessions, which were genotyped at about half of the flowering time htSNPs. This two-stage approach of association mapping in the natural accessions and the inbred lines allow us to identify several novel candidates for flowering time variation.
MATERIALS AND METHODS
Re-sequencing data. The re-sequencing data used in this paper are from several sources.
Re-sequencing data for 48 of the flowering time candidate genes for 24 accessions are detailed in Flowers et al. (accepted pending revision) . These data encompass the entire gene, including approximately 1kb of the promoter region and ~500 bp 3' flanking region. The genes and accessions are listed in Supplemental Tables S1 and S2. These same accessions are among the 96 used by NORDBORG et al. (2005) in generating their data, from which we selected 319 background fragments for inclusion in our study. Table S3 .
Haplotype-tagging SNP selection. HtSNPs were chosen using an algorithm that grouped all common SNPs (p ≥ 0.1) in a multiple sequence alignment for a locus into bins based on their patterns of linkage disequilibrium, with the threshold for binning being r 2 = 1.
Sites with gaps or missing data were ignored by the binning procedure. From each bin, one SNP was randomly selected to be the htSNP representing that bin. The median and mean numbers of htSNPs identified per candidate gene were 8 and 9.8, respectively; for the background fragments, the median and mean numbers of htSNPs were 2 and 2.7, respectively. 187 of these background fragments were genotyped at all identified htSNPs, while 131 were genotyped at only one randomly selected htSNP. The identified htSNPs were genotyped in a panel of 475 accessions (listed in Supplemental Table S4 Table S5 .
Population structure assessment. Two programs -STRUCTURE , FALUSH et al. 2003 and InStruct (GAO et al. 2007 ) -were used to determine the extent of population structure in our panel of accessions. These programs are very similar, with the primary difference being that InStruct explicitly estimates selfing rates along with population structure. In these analyses, one SNP from each of the 319 background loci was used. For loci with multiple genotyped SNPs, one was randomly selected for inclusion. Only accessions with unique multi-locus genotypes across all markers were included and in cases where accessions were identical across loci, one accession was included in the analysis as the representative of that genotype. This was done to prevent biases in population structure estimation that might arise from the inclusion of replicates of the same accession, which are common in the stock center. Both programs were run three times across a range of K values starting at K = 1 and ending at K = 30 and the run with the median likelihood was used for analyses. In STRUCTURE, the correlated frequencies with admixture model was used. In InStruct, mode 2 was used, which infers population structure and selfing rates at the population level. design in 72-cell growing flats. The flats were repositioned within the chamber every seven days and watered by sub-irrigation every four days. We phenotyped days to flowering, which is measured as the number of julian days after which the primary inflorescence had extended more than one mm above the rosette, and rosette leaf number, which is the number of total rosette leaves on a plant at bolting and is frequently used as a surrogate for flowering time.
Association tests. 275 phenotyped accessions with non-redundant multi-locus genotypes
were used for association mapping. We used a previously described mixed model approach for conducting structured associations , ZHAO et al. 2007 ). The model used was of the form
with Y a vector of phenotypes, X a vector of single locus genotypes that were considered as fixed effects, HtSNP effect measurements were conducted using a reduced structured association model, excluding the kinship matrix, and were conducted in JMP v5. For the MAGIC lines, one-way ANOVAs were conducted in JMP v5 to test if htSNPs were associated with differences in flowering time across the lines. False Discovery Rate (FDR) analyses were conducted using QVALUE in R (STOREY 2002; STOREY and TIBSHIRANI 2003) .
RESULTS AND DISCUSSION

Identification and genotyping of htSNPs at flowering time genes and background loci.
A. thaliana typically exhibits strong linkage disequilibrium on the scale of ~5 to 10 kb ). To take advantage of this short-range disequilibrium for association mapping, we identified htSNPs representative of common haplotype structure at 51
candidate genes that we recently re-sequenced (see Figure 1 and Supplemental Table S1 ).
In all but a few cases, the entire coding region as well as 1 kb of the 5' UTR and promoter, and 0.5 kb of downstream region was sequenced. Details of the levels and patterns of nucleotide variation at these flowering time genes are reported elsewhere (FLOWERS et al. Accepted pending revision).
We also identified htSNPs in 319 background fragments that were previously resequenced . 187 of these fragments were comprehensively genotyped in the same manner as the candidate genes; for the remaining fragments, only one htSNP was genotyped from each fragment. We successfully genotyped 957 htSNPs from 475 A. thaliana accessions at the candidate genes and the background loci.
Population structure in the genotyped accessions. A. thaliana possesses extensive population structure that can confound genetic association studies (e.g. ZHAO et al. 2007 ), and we attempted to identify population structure specific to our sample using both the program STRUCTURE , FALUSH et al. 2003 ) and the related program InStruct (GAO et al. 2007 ), which explicitly accounts for inbreeding while estimating population structure.
Runs of STRUCTURE and InStruct produced very different most likely K estimates, with K = 10 and K = 2 having the highlest likelihoods for STRUCTURE and InStruct, respectively. This suggests, as has been reported elsewhere (SCHMID et al. 2006) , that the inclusion of selfing in population structure estimation can have a dramatic effect on the determination of a most likely K value. Ancestry assignments of accessions to particular subpopulations, however, were very similar between the two methods (see Supplemental Figure S2 ). Results from K = 2 corroborate previous findings of large-scale genetic differentiation between European and Asian A. thaliana accessions, with a region of admixture existing in Eastern Europe (Schmid et al. 2006) . Subpopulations identified at K > 2 appear to differentiate subgroups of European ancestry (e.g. Portuguese-Spanish accessions, Scandinavian accessions), which constitute the bulk of our sample. Analysis of the extent of haplotype sharing between all pairs of accessions shows that despite clear population structure detectable via model-based approaches, most individuals share 30%
to 60% of their alleles (see Supplemental Figure S3 ).
Structured association mapping with flowering time SNPs.
Previous studies had shown that a mixed model analysis correcting for both population structure and pairwise kinship is the best, and we conducted an association analysis on the background SNPs at each locus (see Methods) to identify the best approach for our sample.
We examined variation in flowering time, a key life history trait in A. thaliana.
The phenotype data used was days to flowering (FT) and rosette leaf number (RLN) in both long day (LD) and short day (SD) growth chamber conditions, measured for 275
accessions. All these flowering time traits were highly heritable, with broad sense heritabilities (H 2 ), ranging from 0.49 to 0.7 in the accessions and from 0.33 to 0.65 in the MAGIC lines (Supplemental table S6 ).
We found that a mixed model including the K haplotype sharing matrix , ZHAO et al. 2007 ) and a population ancestry matrix Q from a STRUCTURE run of K = 10 (YU et al. , ZHAO et al. 2007 ) performed best in reducing confounding population structure and relatedness bias, with the P-value distribution most closely resembling a uniform distribution (see Figure 2 ). Based on our results using Q matrices from STRUCTURE runs from K = 2 through K = 10 (results for intermediate K values
are not shown), it appeared that using a Q matrix from a run of K = 9 or 10 was especially important to reducing the high rate of nominal significance. It should be noted,
however, that this model (the K+Q 10 model) does not completely eliminate the effects of population structure. Given these results, we ran association tests for all htSNPs using the K+Q 10 mixed model, and found that between 29 and 42 flowering time htSNPs were nominally significant in any given trait/environment combination (for example rosette leaf number in short days, RLN-SD).
While these analyses identify a large number of flowering time gene htSNPs associated with either flowering time and/or rosette leaf number, these analyses have two problems. First, despite taking into consideration both population structure and pairwise kinship among our samples, the distributions of associations with background SNPs are still biased, indicating that the confounding effects of population stratification have not been eliminated. Second, we need to account for the multiple statistical tests used in our association analysis of flowering time SNPs.
To account for the bias in distributions that result from cryptic population structure, we use empirical rather than nominal significance thresholds. In this way, we focus only on candidate gene htSNPs whose nominal significance is in the 5% tail of the P-value distribution of the mixed model analysis for all SNPs. Using this empirical significance threshold, we find that 50 candidate gene htSNPs are in the 5% tail of all SNPs in at least one environment (see Figure 3 ). These htSNPs represent only 27 of the flowering time genes, due to multiple htSNPs in the same gene showing significant associations; FLC, GA1, and HOS1 each had four empirically significant htSNPs, while ELF5, FD, FES1, TFL2, and VIN3L each had three significant htSNPs.
Sixteen of these 27 genes were significant in at least two traits. CO, ELF5, and FES1 each had at least one htSNP associated with every trait. Three genes -GA1, GAI, and PHYD -had an htSNP that exhibited associations with three traits. As an internal control, we also tested FRI functionality for associations by using the genotypes of the accessions at the Columbia-and Landsberg erecta-type deletions as markers; these tests were all highly significant (P < 0.01).
The second problem we face is multiple testing, and we approach this issue in two ways. One method of adjusting for multiple tests is the Bonferroni correction, and using this trait-wise correction we find that htSNPs in only two candidate genes -CO and GAI -are significant (see Figure 3) . It is generally acknowledged, however, that the Bonferroni can be overly conservative, particularly in genomics studies where a large number of tests are undertaken. A standard approach is to estimate the false-discovery rate (FDR), which allows one to estimate the proportion of significant tests that will be false positives by chance (STOREY 2002, STOREY and TIBSHIRANI 2003) . We estimate the number of htSNPs that are significant at FDR values of 0.05, 0.1 and 0.2 (see Table 1 ). Interestingly, no short day trait was significant at these low FDR values. Only four htSNPs met a FDR of 0.05; these were in CO (2 htSNPs), GAI, and VIN3-L (see Figure 3 ). The number of significant flowering time htSNPs increases to 10 and 16, with FDR values of 0.1 and 0.2, respectively. In the latter case, we expect three to four false positives at the given FDR threshold.
For associations with FDR ≤ 0.1, we further examined the minor allele frequencies, allele effects, and percent of phenotypic variance explained by the htSNPs (see Table 2 ). The associated htSNPs ranged in minor allele frequency from 0.01 to 0.41.
Interestingly, GAI p358 had a minor allele frequency of 0.01 in the mapping panel, which was far different from its MAF of 0.12 in the original re-sequencing data. Analysis of this association suggests it is likely to be a false positive, driven by a small number of individuals possessing the minor allele and an individual within this group carrying the highest trait value of all accessions.
The other associations significant at an FDR ≤ 0.1 were all more plausible, as they all possessed larger numbers of individuals with the minor allele, making it less likely that they are due to outlier effects. The additive phenotypic difference between the homozygous genotypes (excluding GAI p358), ranged from 2.8 to 13.24 days for LD-FT for these significantly associated SNPs, and was 1.14 days for CO p795 in LD-RLN. In general, the detected associations had moderate effects, explaining between two and nine percent of the phenotypic variance, with most associations explaining less than five percent of the variation in flowering time traits.
Association mapping in Multi-Parent Advanced Generation Inter-Cross (MAGIC)
lines. We initially tried to determine if we could replicate our results using the comparison of our candidate gene associations to quantitative trait loci from biparental recombinant inbred lines (RILs), as has become common in association studies in this species (EHRENREICH et al. 2007 , ZHAO et al. 2007 ). However, we found that no available RIL population segregates for more than a small fraction of the flowering timeassociated htSNPs in our study. This was problematic and led us to try to replicate our associations in a set of MAGIC lines recently generated from the intercrossing of 19 different progenitors. These lines segregate for all common SNPs that were genotyped in the natural accessions (SCARCELLI et al. 2007 , KOVER et al. submitted).
We genotyped 192 htSNPs from the flowering time genes in a set of 360 MAGIC lines, including 20 of the 50 htSNPs that appeared promising from the SNP-based association tests in the accessions (before correcting for multiple tests). These significant htSNPs were located in 14 flowering time genes (see Table 3 ). We also genotyped the two common loss-of-function deletions at FRI in the MAGIC lines. The MAGIC lines were phenotyped for the same traits as those analyzed in the natural accessions (i.e. LD-FT, LD-RLN, SD-FT, SD-RLN) and association results were compared between the two populations.
Of the flowering time htSNPs that exhibited an association in the accessions and was genotyped in the MAGIC lines, seven htSNPs representing six of 32 associations (~20%) had some level of corroboration between the two line sets (see Table 3 In general, the rapid decay of linkage disequilibrium in A. thaliana suggests that association mapping should be a useful approach to localizing QTLs to genomic regions that may span only a few genes , and this species has thus emerged as a platform to test methods for association mapping (ZHAO et al. 2007 ).
Both genome-wide (ZHAO et al. 2007 ) and candidate gene association studies We use the wealth of genetic information on flowering time as a springboard to find which genes isolated by molecular genetic approaches may harbor common polymorphisms that contribute to natural variation in A. thaliana. As described in this study, it is clear that candidate gene association studies in this species (as is true for all association mapping analyses) are plagued by several issues that need to be addressed.
First, despite attempts to correct for population structure, the distributions of associations among randomly selected background SNPs still display a bias that may arise from continued confounding by population stratification. This problem is mitigated to some extent by using empirical distributions to set significance thresholds, providing some assurance that population structure effects are minimized. Using this approach, we find that 50 htSNPs in 27 flowering time candidate genes show association across at least one trait/environment combination. In several instances, the same htSNP shows association across multiple traits (see Tables 2 and 3) .
A second problem for structured association mapping techniques is that in controlling for population structure, they cull the signal of true genotype-phenotype association from loci that are highly stratified. Flowering time is known to exhibit geographic clines and it is also known that the genetic variation in A. thaliana is strongly correlated with these same geographic axes . It is thus likely that some flowering time QTGs are strongly differentiated across subpopulations, due to local adaptation or other causes, and that these loci will evade detection by structured association mapping. The extent to which such false negatives will occur should vary across traits, with false negatives being more problematic for traits that exhibit strong population structure.
A third issue in association mapping studies is multiple testing. One way to deal with this problem is to employ a Bonferroni correction, and we find that after applying this method SNPs in two genes -the photoperiod pathway gene CO and the gibberellic acid regulatory protein GAI -remain significantly associated even after this conservative correction. It is clear, however, that a Bonferroni correction may be too strict a standard, and an alternative approach is simply to use the false discovery rate (FDR) in determining which htSNPs may be relevant (STOREY 2002, STOREY and TIBSHIRANI 2003) .
Using a strict FDR of 0.05, we find four that are significant; one htSNP is in VIN3-L, while the others are in genes identified in the Bonferroni correction (CO and GAI).
Moreover, the number of recognized significant associations may be increased as long as we are aware that a more liberal FDR means a greater number of false positives. In our study, a FDR of 0.1 identifies 10 htSNPs in seven genes (with one htSNP possibly being a false positive) while an FDR of 0.2 yields 16 htSNPs in 10 genes (of which three to four htSNPs are likely false positives).
Another avenue to determine which significant SNPs are worthy of further consideration is by using replication in an independent mapping population. We study the degree to which we can replicate candidate gene association results by using a recently developed set of A. thaliana MAGIC lines derived from intercrossing 19 founder accessions (SCARCELLI et al. 2007, KOVER et al. submitted) . We re-test 20 of the 50 significant htSNPs found in 14 of 27 flowering time genes (uncorrected for multiple tests) and observe seven htSNPs in five flowering time genes that were also significant in our MAGIC population. The agreement between the two experiments, however, was low and the MAGIC lines were able to replicate only ~20% of associations observed in the natural accessions. An explanation for this lack for concordance might be due to differences in power between the two studies, which, in part, could be due to differences in allele frequencies between the accessions and the MAGIC lines. However, this possibility seems unlikely as these 20 htSNPs occur at similar frequencies in the two panels (Supplemental Table S7 ).
It is, in a sense, heartening to find that 20% of our significantly associated htSNPs may actually be replicated in an independent recombinant inbred mapping population.
These results, however, do point to the continued difficulties in replicating and validating association study results, and the importance in identifying the reasons for these difficulties. There are several possible explanations for our failure to confirm many of the significantly associated SNPs from the candidate gene mapping of natural accessions.
(1) Our detected association are spurious, (2) we lack the statistical power to detect associations in both line sets, (3) the environments used for growing the accessions and the MAGIC lines were slightly different because these experiments were conducted at different locations, and it is possible that this difference could have had an effect on the genotype-phenotype associations present in each experiment, (4) the associations detected at flowering time loci in the accessions are in some cases due to LD between flowering genes and causal, linked loci between which LD got disrupted during the creation of the MAGIC lines, and/or (5) lastly, as we have stated previously (EHRENREICH et al. 2007) , the possibility that epistatic relationships that appear as additive effects in accessions due to historical population structure and selfing are disrupted during the construction of inbred mapping populations. The cause of the discrepancies is unclear at this point, but we feel this may simply reflect an intrinsically high false positive rate in association mapping in structured populations such as A.
thaliana.
Obversely, we also appear to have a high false negative rate (~12%) in that several SNPs are significantly associated in the MAGIC mapping line but not in our structured association mapping panel. Unlike structured accession mapping using the accessions, we do not expect any confounding effect of population structure in the MAGIC lines. Although the same reasons that give rise to our false positives may also lie behind the false negative results, one possibility is that these SNPs may represent associations that we are unable to detect in structured association studies because they show are differentially distributed, and maybe even geographically adapted, in A.
thaliana populations. We should note, however, that our genotyping of flowering time gene htSNPs is incomplete in the MAGIC lines, which prevents us drawing definitive conclusions as to the asymmetry in mapping results we observe.
Determining the causes that contribute to the failure to confirm many of the significant results across both structured association and recombinant inbred MAGIC mapping will require larger-scale experiments that can allow a more direct comparison between mapping results from these different populations; these experiments are underway. Nevertheless, there are a handful of genes with htSNPs that survive either stringent statistical testing thresholds and/or replication criteria, and these provide insight into the extent to which known flowering time genes contribute to natural variation in this life history trait within A. thaliana. We can assume that htSNPs that are significant after Bonferroni correction, the stringent FDR of 0.05, and/or those that showed replicated associations in the MAGIC, have the strongest evidence for being biologically meaningful. Using these criteria, we have the strongest evidence for the gene CO, which encodes a Zn-finger transcription factor that mediates photoperiod-dependent flowering time in A. thaliana as well as other flowering plant species. Previous studies have implicated photoreceptor genes such as the cryptochrome CRY2 (EL-ASSAL ET AL.
2001, OLSEN et al. 2004 ) and phytochrome genes PHYA-PHYD (MALOOF et al. 2001 , FILIAULT et al. 2008 , BALASUBRAMANIAN et al. 2006 , AUKERMAN et al. 1997 ), but this is the first time the CO has been shown to be possibly involved in natural variation in flowering time.
We also have very good evidence for an additional five loci (VIN3-L, PHYD, FLC, VIN3 and GA1) as being potential flowering time QTGs based on the htSNP results, and include photoperiod, vernalization and gibberellic hormone pathway genes. We do not consider the significant GAI htSNP, as its low frequency leads us to believe the association may be spurious. Nevertheless, if we count the six loci we have discussed as well the FRI gene, whose deletions are known to affect flowering time (JOHANSON et al. 2000) , we find that at least ~4-14% of known genes in the network have moderate-to high-frequency polymorphisms that contribute to natural variation in flowering time traits in A. thaliana.
The cumulative evidence we present suggests that we have identified putative flowering time quantitative trait genes that are targets for further characterization and validation. It is noteworthy that all major pathways leading to flowering time -the photoperiod, vernalization and gibberellic acid pathways -are represented among our genes with significant markers. These results suggest that the evolution of flowering time in this species results from the modulation of multiple pathways that are responsive to diverse environmental and hormonal cues. Additional research can validate the effects of these genes to determine which of them are actual QTGs, examine the evolutionary ecological effects of variation at these genes, and determine the molecular mechanisms that these natural alleles may affect. a Number of accessions with phenotype data that were also successfully genotyped.
b The partial R 2 for the htSNP effect in a model also including Q.
c The difference between the two genotypes in the model also including Q.
d The difference between the two genotypes scaled by the standard deviation of the phenotype.
e The number of other traits that the SNP was with at the P ≤ 0.01 level. Description of the construction of the network is described in Supplementary Figure S1 . 
